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The ganglion cell analysis (GCA) of the CIRRUSTM HD-OCT (Carl Zeiss, Meditec; Dublin,
CA) provides measurement of the macular ganglion cell-inner plexiform layer (GCIPL) thick-
ness. This study determined the frequency of scan artefacts and errors in GCIPL imaging in
individuals undergoing HD-OCT surveillance for glaucoma.
Method
A total of 1439 eyes from 721 subjects enrolled in a prospective study assessing predictors
of glaucoma progression underwent macular GCIPL imaging with the CIRRUS HD-OCT at
recruitment. The prevalence of acquisition errors, segmentation errors, and co-morbid mac-
ular pathology was determined.
Results
A total of 87 (6.0%) of the 1439 scans had either acquisition errors, segmentation artefacts,
or other macular pathology. The most common co-morbid macular pathology was epiretinal
membrane in 2.2% of eyes.
Conclusion
The macular GCIPL scan was artefact free in 94% of eyes. However, epiretinal membrane and
high myopia can cause scan artefact and should be considered when interpreting the results.
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Introduction
The development of optical coherence tomography (OCT) and its refinement over the past
two decades has had a profound impact on glaucoma diagnosis and management. Analysis of
the circumpapillary retinal nerve fibre layer (cRNFL) thickness is an important tool in diagno-
sis and monitoring. [1] Improvement in OCT technology from time domain to spectral
domain ocular coherence tomography (SD-OCT) has allowed higher resolution imaging and
accurate segmentation of the retinal layers at the macula. In addition, ganglion cell analysis
(GCA) software provides automated measurement of the thickness of the ganglion cell layer
and inner plexiform layer (GCIPL) and has similar performance to cRNFL measurements in
detecting glaucomatous structural change. [2, 3]
GCIPL analysis with the SD-OCT may be complicated by co-existing macular pathology
and scan artefact. Macular and vitreo-macular pathologies can interfere with accurate segmen-
tation of the retinal layers and measurement of GCIPL thickness. For this reason, studies
assessing the performance of macula SD-OCT scans in glaucoma have usually excluded sub-
jects with high refractive errors, age-related macular degeneration or pathology at the vitreo-
macular interface. However, macular abnormalities, particularly epiretinal membranes are
common in the ageing population [4], and individuals with both glaucoma and macular
pathology are frequently encountered in clinical practice. Recent studies using GCIPL analysis
with the CIRRUSTM OCT have excluded 1.8% to 5.15%. of scans due to machine segmentation
or acquisition error. [2, 3, 5, 6]
The aim of this study was to identify the prevalence and the type of errors that would be
identified in GCIPL scans in a large “real-world” population of individuals undergoing
SD-OCT surveillance for glaucoma.
Methods
The “Progression Risk Of Glaucoma; RElevant SNPs with Significant Association (PRO-
GRESSA) Study”, is an ongoing prospective 5-year study investigating predictors of progres-
sion in a cohort of patients with suspect glaucoma or early manifest glaucoma. Exclusion
criteria included visual acuity of less than 6/18 in the affected eye, and visual field defect not
attributable to glaucoma. The study followed the tenets of the Declaration of Helsinki. Ethical
approval for the study was granted by the Human Ethics Committee of the Flinders Medical
Centre, South Australia. The current study is an interim report utilizing data currently avail-
able from the PROGRESSA study. A participant information sheet and verbal detailed expla-
nation were provided to all participants, and written informed consents were obtained.
At recruitment, all subjects enrolled in the PROGRESSA study had pupil dilation with tro-
picamide 1% before the Cirrus HD-OCT (Carl Zeiss Meditec, Dublin, CA) macular cube
512x128 scans were performed.
These scans were analyzed with the commercially available GCA software, which measures
the GCIPL thickness within an elliptical annulus centered on the fovea. Scans not centered on
the fovea were manually re-centered prior to analysis.
Baseline HD-OCT imaging was performed on a total of 721 individuals, comprising 253
patients with early manifest glaucoma and 468 glaucoma suspects. This provided a total of
1439 eyes with baseline HD-OCT macular GCA images for assessment. Glaucoma suspects
were defined as patients who do not demonstrate a glaucomatous visual field defect, using the
Hodapp-Parrish-Anderson (HPA) criteria, [7] on a reliable Humphrey Visual Field 24–2 SITA
Standard test, but who have an optic nerve head or neuro-retinal rim appearance suspicious of
glaucoma. Suspicious optic nerve head or neuroretinal rim was defined by The Disc Damage
Likelihood Scale (DDLS) [8] of stage 1 or greater in the absence of a glaucomatous field defect
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as defined above. Early manifest glaucoma was defined as patients who had reproducible visual
field loss in glaucomatous regions with mean deviation better than -6dB. A baseline field was
considered abnormal if the glaucoma hemifield test (GHT) was outside normal limits, cor-
rected pattern standard deviation (PSD) of P<0.05 or there was a cluster of�3 contiguous
points on the pattern deviation plot depressed below 5% level, at least one of which is below
1% level, as per HPA criteria. A confirmatory visual field within 6-months demonstrating a
cluster in the same region was required. Alternatively, if the confirmatory visual field had an
abnormal GHT or PSD (as defined above), the cluster of contiguous points only needed to be
below 5% level.
Scans were independently reviewed by two of our glaucoma consultants (JEC and JL) who
assessed the horizontal B-scan image, a cross-sectional image of the morphology of the retina
[9], intersecting the fovea for any evidence of acquisition error, segmentation artefact, or iden-
tifiable co-morbid macular pathology. Signal strength was also recorded and scans with signal
strength less than 6/10 were categorized as “poor quality”. Acquisition errors were defined
either as errors of scan alignment by the operator or eye movement, resulting in part of the
macula lying anterior or posterior to the volume of space imaged by the macular cube.
Machine segmentation errors were defined as incorrect identification of the outer border of
the RNFL or outer border of the inner plexiform layer by the GCA software, despite good scan
quality.
Results
The mean age of the participants was 64.7 (SD 10.1) years-old and 57% were females. Of the
1439 eyes scanned, 87 scans (6.0%) had either a signal strength of less than 6, scan acquisition
error, machine segmentation error, or identifiable co-morbid macular pathology Table 1. The
most common abnormality was epiretinal membrane, affecting 2.2% of eyes. Each of the other
abnormalities occurred in less than 1% of scans.
The mean age of participants who presented with GCIPL scan errors was 71.5 (SD 8.8)
years old. Out of the 87 eyes; 39 had early manifest glaucoma, and 48 were glaucoma suspects.
In our study, age and disease stage did not show any association with the prevalence of GCIPL
errors S1 Table. 22 eyes showed errors on RNFL thickness scans on the same day of the GCIPL
scan. Out of the 22 eyes, 6 had acquisition artefacts which were corrected, and the remaining
Table 1. The prevalence of identified scan errors and identifiable co-morbid macular pathology in the PRO-
GRESSA population.
Error type Number of eyes % of scans
Signal strength <6/10 11 0.8
Acquisition error 2 0.1
Machine segmentation error 12 0.8
Obscuration eg floaters 11 0.8
Epiretinal membrane� 32 2.2
Vitreo-macular interface abnormality 5 0.2
Macular schisis or non-full thickness macular hole 4 0.3
Drusen / age related maculopthy 2 0.1
Myopic error (including staphyloma)� 11 0.7
TOTAL 87 6.0
�3 eyes are included in both the myopic error and epiretinal membrane categories.
https://doi.org/10.1371/journal.pone.0206684.t001
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16 eyes had structural abnormalities which resulted in abnormal RNFL scans such as ERM or
high myopia.
Poor scan signal strength
11 eyes were found to have signal strength less than 6/10 due to cataract and ocular surface dis-
ease (i.e dry eye). In many cases the signal strength can be improved by repeating the scan.
Where scans from subsequent visits were available, 9 of 11 poor quality scans were improved
to an acceptable level with a signal strength� 6/10.
Acquisition errors
This is easily corrected if the error is identified and the scan is repeated Fig 1. However, eyes
with high axial myopia and posterior staphylomas can be difficult to capture within the macu-
lar cube.
Machine segmentation errors
Twelve eyes had machine segmentation error, in which 6 were readily evident as a focal, radial
wedge of thinning on the macular GCIPL thickness map Fig 2, without obvious pathology on
the OCT B-scan. All six scans were segmented correctly on subsequent scanning, confirming
the macular GCIPL thinning was due to segmentation error rather than a pathological cause.
Obscuration
The presence of vitreous floaters can focally obscure the signal from the retina, leading to an
inability to segment the retinal layers. The effect on the scan will depend on the location of the
floater at the time of the scan. If the floater is outside the elliptical annulus scan area, it has neg-
ligible effect on the segmentation.
Co-morbid macular pathology
The most common identifiable error on horizontal B-scans of the macula was epiretinal mem-
brane, with 32 eyes (2.2%) identified Fig 3A. Other macular pathologies were identified in
Fig 1. An OCT scan demonstrating an acquisition error due to poor image alignment by the operator. Part of the
macula is anterior to the volume of space imaged by the macular cube. This results in missing data from the Ganglion
Cell Analysis.
https://doi.org/10.1371/journal.pone.0206684.g001
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nine cases through horizontal OCT B-scan. These include three cases of vitreomacular trac-
tion, four of macular schisis Fig 3B, and two of drusen.
Myopic staphyloma
130 eyes had myopic refraction of at least 3 diopters. Of these, 11 (0.7%) eyes had severe arte-
fact secondary to posterior myopic staphyloma; of which 4 eyes had moderate myopia, with a
refractive error of magnitude between 3 to 6 diopters, and seven eyes had high myopia (< 6
diopters of myopic correction) Fig 3C.
Discussion
The utility of GCIPL analysis in glaucoma diagnosis and surveillance is becoming increasingly
recognized. Mwanza et al. reported that GCIPL analysis has a high diagnostic performance for
detecting early perimetric glaucoma and is consistent with changes in the RNFL parameters
[10]. These findings were supported by Nouri-Mahdavi et al., who reported that combining
both GCIPL and RNFL data was synergistic for diagnosing early glaucoma.[11]
However, the presence of HD-OCT scan artefacts is a recognized problem that requires vig-
ilance when interpreting images. In a retrospective chart review evaluating the impact of arte-
facts on foveal thickness measurements in 98 eyes, Han et al. reported that 85% of Cirrus
HD-OCT macula scans had at least 1 artefact.[12] Asrani et al. reported that 19.9% of the SD
OCT RNFL scans contained artefacts mainly related to the presence of epiretinal membranes
(ERM). [13] Additionally, a study on 1188 individuals with glaucoma reported that 46.3% of
Fig 2. Segmentation error (A) machine segmentation error (Scan 1) with white arrows showing loss of accurate segmentation. Repeat scanning at a
subsequent visit (Scan 2) shows correct segmentation. (B) focal radial segmentation defect.
https://doi.org/10.1371/journal.pone.0206684.g002
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RNFL scans have at least 1 artefact. [14] In the present study, we found identifiable errors in
6.0% of GCA scans performed on a cohort of glaucoma suspects and individuals with early
manifest glaucoma.
Although scan errors and co-morbid macular pathology can confound ganglion cell analy-
sis, the problem can often be easily rectified. Some scan errors could be improved simply by
re-scanning; however, the error needs to be recognized by the operator. The ability to identify
and classify any type of error is important, as re-scanning the macula can correct poor image
quality, acquisition and segmentation errors. These issues need to be considered during assess-
ment of the OCT scans. In our study, poor signal scans were often secondary to coexisting con-
ditions such as cataract or dry eye (common in patients on topical glaucomatous medication),
[15] which agrees with previous published literature on the effect of lens opacity and ocular
surface disease on the quality of OCT retinal nerve fibre layer scans. [10, 16, 17]
Although we had stringent criteria to exclude patients with a central field defect due to mac-
ular pathologies from our prospective PROGRESSA cohort, a small but important percentage
of scans showed an abnormal GCIPL result due to factors other than glaucoma. It included
patients with milder macular pathology not significantly affecting their vision. Therefore, clini-
cians should consider a macular OCT as part of glaucoma surveillance to rule out co-existing
macular pathology that may cause artefacts. For an example, epiretinal membrane often causes
Fig 3. Pathological errors. (A) Epiretinal membrane showing horizontal B scan with attempted machine
segmentation, and resulting abnormal Ganglion cell complex plot. (B) Macular schisis, with subsequent poor analysis
of ganglion cell layering. Poor quality scan. (C) Myopic staphyloma.
https://doi.org/10.1371/journal.pone.0206684.g003
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the ganglion cell complex to appear thinner than the normative database due to segmentation
artefact. [18] Not all cases of ERM were appreciated clinically on the time of recruitment as the
vision was better than 6/18 in each eye. Myopia represents another challenge in glaucoma
diagnosis, as both myopia and glaucoma independently cause thinning of the cRNFL and mac-
ular GCIPL.[19] Patients with myopia could also present with anomalous discs that affect the
structural assessment of RNFL, such as tilting and peripapillary atrophy, or posterior myopic
staphyloma. Myopic staphyloma is an outward fundus excavation around the disc or posterior
pole, leading to distortion of the retinal structure and a concave appearance on the B-scan
OCT [9].
In conclusion, almost 94% of the baseline GCA scans of the PROGRESSA cohort were
without error; therefore, GCA could be considered a valid method of assessment. This agrees
with recent studies reporting high reproducibility of GCIPL thickness measurements using the
Cirrus HD-OCT, [20, 21] and high efficacy for detecting early glaucomatous structural change.
[2, 22] Evidence supports the use of this imaging modality by appropriately trained profession-
als, as a diagnostic adjunct to clinical examination. However, failure to appreciate scan arte-
facts can lead to misinterpretation of the results. The rate of co-morbid macular pathology and
scan artefact is likely to be higher in clinical practice than what we have reported, since scans
were acquired by highly experienced operators and the PROGRESSA cohort excluded individ-
uals with poor visual acuity and non-glaucomatous visual field defects.
Supporting information
S1 Table. Eye characteristics of the patients associated with ganglion cell layer and inner
plexiform layer scan artefacts.
(PDF)
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